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Introduction: Artists’ acrylic emulsion paints are used in many contexts such as paintings, murals, sculptures, works
on paper and mixed media; and are forming increasing proportions of modern and contemporary art collections.
Although acrylic emulsion paints have been the focus of museum-led research over the past decade, the impact of
artists’ technique and conservation treatment on the upper-most surface of these paints remains essentially
unexplored.
Results: This paper summarises previous studies using vibrational (FTIR) spectroscopy and presents initial
assessments of paint surfaces using X-ray spectroscopies (XPS and NEXAFS) aimed at characterising artists’ acrylic
paint film surfaces after natural ageing and wet surface cleaning treatment. Both techniques were found to be well
suited for surface-sensitive investigations of the organic materials associated with artists’ acrylic paints, including
explorations into: (A) cleaning system residues, (B) surfactant extraction from paint surfaces, (C) the identification of
migrated surfactant, and (D) monitoring pigment changes at the paint/air interface of paint films.
Conclusions: It has been shown is that these X-ray spectroscopic techniques can be used for the analysis of almost
purely organic materials in a way that complements mass spectroscopic techniques, FTIR and XRF. This investigation
forms part of broader, currently ongoing, multi-technique investigation into the properties of artists’ acrylic paints
and development of conservation treatments for works-of-art made with these materials.
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Modern paints
The complexities of twentieth century synthetic polymer-
based paints such as those based on acrylic emulsion co-
polymers render them a challenging research topic. Paints
created for the industrial, house and artists’ paint markets
include a wide range of pigments, binders, additives and
diluents whose exact composition is proprietary. As a
result, understanding the relationships between paint
formulation and preservation issues is not particularly
straightforward. Not only do formulations vary depending
on their intended commercial market or application, but
they also change in response to market demands influenced
by improvements in technology as well as health and/or
environmental legislation. As a consequence, changes are
made to formulations on a regular basis.* Correspondence: e.a.willneff@leeds.ac.uk
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in any medium, provided the original work is pThe historical development, properties and conservation-
related concerns about the use of acrylic emulsion paints
by artists have been published in detail elsewhere [1-4].
Briefly, the polymeric composition of artists’ acrylic emul-
sion paints has evolved since their introduction to the
market. The early formulations were based on a poly ethyl
acrylate/methyl methactylate (pEA/MMA) copolymer and
some Talens acrylic paints remain based on this [5]. In the
1980s, poly n-butyl methacrylate/methyl methacylate
(pnBA/MMA) was widely substituted for pEA/MMA. In
the late 2000s, a further change the base emulsion formu-
lation took place with the incorporation of terpolymers
and copolymers of 2-EHA by some artists’ paint manufac-
turers [6].
Surfactants are added to these paints for several pur-
poses. For example, they can act as pigment dispersants,
defoamers and emulsion stabilisers [7]. As films mature
polyethoxylate type (PEO) non-ionic surfactants (primarily
used as emulsion stabilisers) have been shown to segregatean Open Access article distributed under the terms of the Creative Commons
g/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
roperly credited.
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gation depends on a number of factors including: paint
brand (base emulsion type), sample substrate, paint film
thickness, pigment type, artists’ technique (including di-
lution and or additions of mediums and other mate-
rials), previous conservation treatments, display history
(exposure to UV and visible light), environmental his-
tory (e.g. exposure to high temperatures), and humidity
(particularly high relative humidity) [8,9]. Surfactant
levels can also vary due to the pigment types used. It
has been noted that cadmium pigmented passages are
less likely to have migrated surfactant layers on the
paint surface, which may be due to an acceleration of
photo-oxidative degradation [10].
Acrylic emulsion paints respond differently to traditional
(oil-based) paints with respect to optical properties (such
as gloss), physical properties (such as flexibility and soft-
ness), ageing, environmental conditions and conservation
treatments [2]. Acrylic and other modern and contempor-
ary paintings can also be more vulnerable because they are
often large, unframed, unglazed and fewer coatings/
varnishes are used by artists and conservators for the
protection of these works. Current conservation practice
requires sensitivity to the paint surface and properties, an
understanding of the artists’ intention, awareness of the
fact that these relatively young works of art may not yet
have undergone conservation treatment, and that the
removal/disturbance of original paint material should
be minimised through the use of preventive conserva-
tion measures, appropriate conservation materials and
minimal intervention where possible.
FTIR spectroscopy
The popularity of FTIR spectroscopy in conservation
science lies in its convenience, relative affordability and
long history as an analytical tool [11]. However, although
some portable instruments have recently become avail-
able, most FTIR equipment requires removing samples
from a work of art. Once acquired the samples can be
reused, thereby rendering the technique ‘semi-destructive’.
FTIR is suitable for bulk and surface analysis typically via
transmission and ATR configurations, respectively. The
surface sensitivity of ATR detection is on the order of mi-
cron(s).
FTIR spectroscopy has played a vital role in the rou-
tine analysis (identification) and research on modern
paints [12]. It has proven useful in understanding the
chemistry of artists’ acrylic emulsion paints for: identifying
base polymer compositions; pigments and filler materials
present in paints; evidence for migrated surfactant on vari-
ous films; the impact of ageing and cleaning treatments
on migrated surfactant; the conditions required for sur-
factant extraction and/or removal and in assessing the
efficacy of soiling removal [13]. This has resulted in asignificant body of information that has contributed to
our understanding of the behaviour and potential vulner-
ability of acrylic paints. This in turn has led to the develop-
ment and modification of lower-risk wet-cleaning systems
for the removal of accumulated soiling from these paint
films [4,7,11,14,15].
Two significant limitations of FTIR spectroscopy in-
clude the beam penetration depth and detection limits,
which have thus far hindered the exploration the upper-
most surfaces of these paint films. Characterising the
more subtle changes in the surface of these paint films is
essential, as this represents the most vulnerable portion
of these paints, i.e., the interaction zone with the sur-
rounding environment as well as being directly affected
by conservation treatments.
XPS and NEXAFS
Both XPS (X-ray photoelectron spectroscopy) and NEX-
AFS (Near Edge X-Ray Absorption Fine Structure spec-
troscopy) have had much less application in Heritage
Science than X-ray fluorescence (XRF), which is an X-ray
spectroscopic tool particularly suitable for inorganic elem-
ental analysis. In the context of modern and contemporary
paint research, XPS and NEXAFS offer complementary
benefits by broadening the scope of elemental analysis
to include organic materials and by providing additional
elemental chemical state information covering both the
organic and inorganic regions of the periodic table. A
summary of the typical sample requirements and analyt-
ical capabilities of the techniques is presented here and
the reader is referred to excellent textbooks covering
the techniques in detail [16,17].
Samples must typically be between 0.5 – 1 cm in any dir-
ection and compatible with ultra-high vacuum (<10−7 mbar)
although there are microfocusing or imaging systems that
can accommodate smaller samples on the order of 100s of
microns and instruments that permit higher pressures up
to 10−4 mbar. Apart from the possibility of slight local
damage by the X-ray beam, the techniques are non-
destructive to the bulk of the sample, enabling samples
to be reused for further research.
XPS provides elemental and chemical state (bonding)
information by measuring subtle variations in the bind-
ing energy of a strongly bound core shell (as opposed to
weakly bound valence shell) photoelectron ejected from
an atom after absorption of an X-ray photon. The binding
energy of the relevant core electrons is element specific,
but differences in chemical bonding vary in the binding
energy value by +/− 0.1 eV to a few eV. These chemical
shifts depend primarily on the charge of the element in
question, which is determined by the number and electro-
negativity of the atoms it is bound to and by its oxidation
state. In practice, low resolution spectra of all elements
with atomic number Z = 3-92 can be rapidly acquired via
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elemental analysis, but do not resolve all features associ-
ated with the chemical environment. For more detailed in-
vestigations of the chemical state, high resolution spectra
are acquired. This makes XPS analysis suitable for a wide
range of inorganic and organic materials.
The elements accessible with NEXAFS are restricted by
the X-ray photon energies available at monochromated
synchrotron radiation source end-stations. The NEXAFS
spectra occur in the vicinity of the core electron binding
energies probed by XPS. All elements have at least one
K or L absorption edge suitable for NEXAFS in the pho-
ton energy range between 200 eV and 50,000 eV. The
photon energy range is conventionally divided into the
‘soft’ and the ‘hard’ X-ray range. Soft photon energies,
below 2000 eV, require the use of vacuum chambers and
monochromatization technology based on gratings, while
hard X-rays (energies above a few 1000 eV) penetrate
air and are obtained using double crystal monochro-
mators. The transition energy range between 1000 eV
and 4000 eV is sometimes referred to as the ‘tender’
X-ray range.
Acrylic paints contain mostly light elements, including
C, N, O, Ca, and Na, which have their NEXAFS spectra
in the soft X-ray range. X-ray absorption at higher X-ray
energies probes heavier elements in the period table. The
acronym XANES (X-ray Absorption Near Edge Structure)
is often used instead of NEXAFS to describe the spectra
for these elements. Moreover, at higher X-ray energies,
the photoelectron interference patterns known as EXAFS
(Extended X-ray Absorption fine Structure) can be used
to obtain structural information such as bond lengths.
XANES and EXAFS are increasingly used in cultural heri-
tage research as well [18].
NEXAFS is particularly sensitive to the bonding envir-
onment (coordination and molecular bonds) of organic
materials by exploiting significant differences in the spec-
tral fingerprint of their pi vs. sigma orbitals. The benefit of
NEXAFS for acrylic paints parallels those observed in
other applications of polymer science/coatings, via using
the carbon K edge absorption spectra as a surface sensitive
probe for identifying organic materials based on the dif-
ferent bonding environments of their carbon atoms
[17,19,20]. This is a useful diagnostic tool for distin-
guishing aliphatic, aromatic and carbonyl carbon species
which are commonly found in the context of acrylic
paints and also in some of the more advanced cleaning
treatments being developed for these materials e.g. micro-
emulsions, gels [4].
It is important to remind the reader that one spectro-
scopic method in isolation is unlikely to fully reveal the
multifaceted properties of paints. As with other spectros-
copies, NEXAFS and XPS should ideally be supported by
a suite of analytical tools including mass spectrometry(ESI-MS, DESI-MS), microscopy (optical, SEM, AFM),
and thermal analysis techniques (DSC, TGA, DMA).
The results presented below are a subset of a broader
ongoing investigation into the response of artists’ acrylic
paint films to wet-surface cleaning treatments used for
the removal of accumulated soiling. To explore this, se-
lected representative wet-cleaning systems, some estab-
lished and some novel, were applied to prepared acrylic
paint films from paints made by Golden Artist Colors
and Talens (detailed elsewhere [13]). In some cases a
commonly executed clearance step (using deionised
water or a low aromatic content hydrocarbon solvent)
was applied with the aim of removing system residues.
In other cases the clearance step was omitted to explore
instrumental detection limits. Several established and
novel wet cleaning systems are under investigation. Here
we discuss those based on: deionised water, a low aro-
matic content petroleum spirit (Shellsol D40), and a
mineral spirits continuous phase water-in-oil microe-
mulsion system containing a sodium (Na) sulfonate
(LAS) anionic surfactant, which has been described in
detail elsewhere [4].
Results and discussion
As the bulk of the FTIR spectroscopy-based research ex-
ploring acrylic emulsion paint behaviour has been pub-
lished [7,10,11], the next section focuses on information
gained through the use of XPS and NEXAFS spectros-
copies. Several aspects of ongoing research are highlighted
including (a) residues from applied cleaning treatments,
(b) surfactant extraction from the paint surface, (c) surfac-
tant migration following natural ageing and, (d) response
of pigment to cleaning treatments.
A. Exploring wet-cleaning system residues
Ideally, wet cleaning treatments used to remove accumu-
lated grime and soiling will leave minimal residues on
the cleaned surfaces of works of art. However, with some
of the newer cleaning treatments developed recently, the
extent to which residues remain on unvarnished paint
surfaces is unknown. MS, FTIR, and fluorescence detec-
tion of labelled materials have been used to investigate
residues from applied cleaning systems, particularly sur-
factant residues [21].
To explore the complementary benefits of XPS and
NEXAFS at identifying surface residues, acrylic paint films
were swabbed with different cleaning systems. XP survey
spectra identified increased amounts of Na and sulfur (S)
after swabbing with a microemulsion on an unsoiled paint
film (without a subsequent clearance step). This was at-
tributed to residues of LAS anionic surfactant in the
microemulsion [13]. Additional evidence for residues was
provided by the high resolution C (carbon) 1s XP spectra
(Figure 1A). In contrast to the survey spectra which
Figure 1 XPS and NEXAFS of Carbon Species in Cleaning
System Residues. C1s XP spectra (A) and C K-edge NEXAFS spectra
(B) of Talens PY3 yellow paint film before (‘as prepared’) and after
(‘microemulsion’) swabbing with a microemulsion containing LAS
surfactant (no clearance step).
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and after these uncleared wet cleaning treatments, the C1s
spectra identified differences in the chemical state of
carbon which were representative of changes in the
composition of organic material at the surface of the paint
film (e.g. binder vs. surfactant). The peak at approx.
289 eV associated with the C =O (carbonyl) groups of the
acrylic resin almost disappeared after microemulsion
swabbing, indicating that quantities of the LAS surfactant(which does not contain carbonyl groups) remained on
the paint surface.
The potential benefits of NEXAFS over XPS for identi-
fying these residues were also explored. The C K-edge
NEXAFS spectrum after swabbing with a microemulsion
(uncleared) was easily distinguished from the untreated
paint film (Figure 1B). This was possible because of the
significantly different absorption energies for aromatic
(~285 eV) and carbonyl carbons (~289 eV) associated
with the LAS surfactant in the microemulsion, and the
acrylic binder respectively. Likewise, the O (oxygen)
K-edge NEXAFS spectra (Figure 2B) were also diagnostic
for the presence of these residues via the carbonyl oxygen
(~532 eV) and singly bound oxygen (~540 eV) of the
acrylic binder and the sulfonate anionic headgroup of the
surfactant. The corresponding differences in the O1s XP
spectra before and after swabbing with the microemulsion
were less distinct (Figure 2A). This relatively unspecific
nature of O1s spectra is well known in the surface analysis
community and stems from the fact that there are various
reactive and/or strongly adsorbing oxygen-containing
contaminants in the ambient environment, including
O2, H2O, CO2 (forming surface carbonates) as well as
many biological molecules (e.g. fatty acids, polysaccha-
rides). All of these can be superimposed on the O1s
spectra of a sample.
In general, because of less surface sensitivity (and hence
less influence of oxygen-containing contaminants) oxygen
NEXAFS spectra offered a clearer distinction between the
surfactant and binder than the O1s XPS, which highlights
a possible benefit of the technique. However, this needs to
be balanced against the ease of accessing a lab based
(XPS) vs. an exclusively synchrotron based (NEXAFS)
technique.
B. Surfactant extraction (from the paint film surface)
In addition to residues, the impact of wet cleaning treat-
ments on additives in the bulk paint film has also been
investigated. As an example, after aqueous (deionised
water) swabbing for 20 swab rolls (one roll there/back)
on an unsoiled Talens yellow (PY3) paint film, evidence
for the earliest stages of surfactant extraction from the
paint film surface (rather than removal of previously mi-
grated surfactant from the paint surface) was visible in
C1s XP spectra by an increase in the C-O ether contribu-
tion at approx. 286.5 eV ([13]). This subtle change was
mirrored in the NEXAFS spectra of carbon (Figure 3A)
and oxygen (Figure 3B). The changes in both spectra are
slight. However the spectra after water swabbing became
more similar to the spectrum of pure surfactant. (Notably,
these changes were not readily evident in corresponding
ATR-FTIR spectra.) Significantly, both the carbon and
oxygen NEXAFS spectra of Golden yellow, which is
surfactant ‘lean’ relative to the Talens paint film, were
Figure 2 XPS and NEXAFS of Oxygen Species in Cleaning
System Residues. O1s XP spectra (A) and O K-edge NEXAFS spectra
(B) of Talens PY3 yellow paint film before and after swabbing with a
microemulsion containing LAS surfactant (no clearance step).
Figure 3 NEXAFS and Surfactant Extraction. Carbon (A) and
oxygen (B) NEXAFS spectra of a Talens PY3 yellow paint film after
swabbing with water showed features similar to a reference
spectrum of Triton™ X-405 providing evidence for early stages of
aqueous surfactant extraction from the bulk of the paint film. No
change was visible on a Golden paint film.
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films to neutral to basic solutions of low conductivity such
as the DI water used here is known to promote swelling
and hence the mobility of additives, such as surfactants
[22]. This is an interesting finding as surfactant extraction
from the upper surface of acrylic paint films has not yet
been identified as occurring from swabbing action alone;
thus far publications have focussed on identifying migrated
surfactant on paint surfaces and/or extraction of bulk film
surfactant through immersion in water and other solvents[7,23]. It is highly unlikely that the aqueous extraction of
very minor amounts of surfactant from paint film surfaces
would result in significant changes in paint properties [7],
particularly for aged paints. However this confirms that
surfactants within acrylic paint films may be vulnerable to
aqueous swabbing action. This provides further evidence
that minimising the swelling potential of wet-cleaning sys-
tems is advisable where possible (through keeping liquids
to a minimum and using cleaning systems tailored to-
wards the low-swelling conditions described above).
C. Surfactant migration
As mentioned in the introduction, PEO type surfactants
(e.g. Triton™ X-405) are known to migrate to the paint
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tected visually when present in significant quantities and
chemically by FTIR and MS techniques, the impact on
XPS and NEXAFS spectra is unknown. Where detailed
surface chemical analysis of paint films is necessary, un-
derstanding the impact of migrated surfactant on these
spectra is essential. With this in mind, XPS and NEX-
AFS analyses of a Talens PY3 yellow paint film after
2 years of natural ageing, which was determined with
ATR-FTIR spectroscopy to have significant quantities of
migrated surfactant, were compared to those of recently
prepared paint films without migrated surfactant. Differ-
ences between the two films were apparent in both the
C1s (Figure 4A) and the O1s (Figure 4B) XP spectra. In
the C1s XP spectrum, evidence for decreased acrylic
binder content (conversely more migrated surfactant
after ageing) was provided by the less intense C =O car-
bonyl peak at 289 eV in the C1s XP spectrum, associated
with the acrylic binder. Furthermore a -C-O- ether peak
at approx. 286.5 eV was greatly enhanced after ageing.
Since ether groups are primary functional groups of the
migrated PEO type surfactant, both of these features
afforded a spectrum for the aged paint film which was
similar to that of a PEO surfactant such as Triton™ X-
405. However the O1s spectrum of the aged sample wasFigure 4 XPS of Surfactant Migration. XP C1s (A) and O1s (B) spectra
of Talens PY3 yellow films before (‘as prepared’) and after (‘aged’) two
years of natural ageing in the dark under ambient conditions compared
to a spectrum of Triton™ X-405.not as similar to that of the pure surfactant. Generally,
in addition to the contamination issues mentioned above,
O1s XP spectra respond less specifically to changes in
chemical environment than the corresponding carbon XP
spectra of polymeric systems and therefore oxygen spectra
are used less often as diagnostic tools for assigning chem-
ical species. This contrasts with the O K-edge NEXAFS
spectra (discussed below) which were, because of less
surface sensitivity (see above), more readily diagnostic for
the presence of migrated surfactant.
Migrated surfactant also affected the NEXAFS spectra
(Figure 5). Qualitatively the carbon NEXAFS spectra
(Figure 5A) of the naturally aged paint film had more
complex features, similar to the spectrum of Triton™ X-
405 surfactant, than the younger paint film. The intensity
of the π* transition associated with -C=C- or aromatic
C-C bonds as well as of σ* transitions increased while
the π* -C=O transition shifted to higher photon ener-
gies. The corresponding oxygen NEXAFS spectra were
less complex and made up of two primary contributions
from single bound (σ*) and double bound (π*) oxygen spe-
cies at approx. 540 and 532 eV respectively (Figure 5B).
The spectrum of the naturally aged paint film was
clearly more like that of a film of pure surfactant. A detailedFigure 5 NEXAFS of Migrated Surfactant. NEXAFS C (A) and O
(B) K-edge spectra of Talens PY3 yellow films before (‘as prepared’)
and after (‘aged’) two years of natural ageing in the dark under ambient
conditions compared to a spectrum of Triton™ X-405.
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igins of these features. The qualitative interpretation of
the spectra indicates for now that both of these techniques
can be used to detect migrated surfactant and subsequent
removal through treatment and/or environmental degrad-
ation. Work is underway to determine if it might be pos-
sible to identify migrated surfactant with XPS and/or
NEXAFS before it can be readily identified with ATR-
FTIR as appears to have been the case with the extracted
surfactant following water swabbing (Figure 2 and [13]).D. Pigment behaviour in response to cleaning treatment
One further aspect of paint film chemistry being investi-
gated includes changes in pigment behaviour in response
to wet cleaning treatments. Pigment loss (transfer of pig-
ment to swabs/cleaning materials and/or solubility of
pigments) during cleaning treatments is undesirable and
cleaning treatments are designed to minimise this.
Pigment loss has been observed as more likely with
some pigments, and for some paint brands more than
others for a given pigment. As part of this preliminary
work, the utility of XPS and NEXAFS for identifying
changes in surface (exposed) pigment levels was also ex-
plored. XP spectra of chlorine were used to monitor
changes in PY3 surface pigment concentration after
swabbing artificially soiled and unsoiled paint films with
deionised water and petroleum spirits using 20 swab
rolls (Figure 6). The Cl signals were virtually indistin-
guishable in all cases from the baseline except after
swabbing an unsoiled Talens PY3 yellow paint film with
petroleum spirits. In this case, the Cl signal increased sig-
nificantly above the baseline indicating an increased pig-
ment concentration (detection) at the surface of the paintFigure 6 XPS and Surface Pigment. Relationship between Cl XP
spectral intensity (an indicator for PY3 azo yellow pigment), soiling and
paint brand after swabbing with water and petroleum spirits (PS).film. This concurs with reports of increased pigment
transfer on some paints during the use of cleaning treat-
ments based on petroleum spirits [13,15]. Notably, how-
ever, the Cl signal after PS swabbing on the soiled Talens
film did not increase. Here the soiling layer may have slo-
wed down the transport of the solvent to the underlying
paint film, presumably only until the greasy soil has been
dissolved/penetrated.
The NEXAFS N (nitrogen) K-edge spectra offer add-
itional insight into the behaviour of the PY3 pigment
(Figure 7). The spectrum of an unsoiled sample swabbed
with petroleum spirits appears to be very similar to that
of pure PY3 pigment. The control and water swabbed
samples, on the other hand, were unlike the pigment but
similar to each other. Interestingly, these differences
were only observed at the most surface sensitive de-
tector settings (−200 V electron grid bias (EGB)); when
acquiring spectra over a slightly greater depth from the
surface (−50 V EGB), all spectra (regardless of wet clean-
ing treatment type) were very similar and unlike pure
pigment. This suggests that there may be a layer of un-
bound (or poorly bound) pigment localised to the very
uppermost portion of the paint film after cleaning with
the hydrocarbon solvent.
The increased PY3 pigment mobility could have several
origins. The solubility of pure PY3 pigment in petroleum
spirits is not high and is therefore unlikely to be a major
contributing factor. Although swelling data shows that
these types of paints do not swell extensively in non-polar
solvents [14], the response of the uppermost paint surface
to solvent exposure and mechanical action may result inFigure 7 NEXAFS and Surface Pigment. NEXAFS N K-edge spectra
of Talens PY3 yellow paint film after wet swabbing with water (W)
and petroleum spirit (PS) collected at very high (−200 V EGB) and
high (−50 V EGB) surface sensitivities in comparison to PY3 azo
yellow pigment.
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ther exploration.
Conclusions
We have presented initial investigations of acrylic paint
surfaces using two X-ray spectroscopic techniques that
are hitherto not commonly used for examining organic ma-
terials in the context of heritage science. If samples are
compatible with the measurement requirements (most not-
ably ultra-high vacuum), XPS provides chemical state infor-
mation for elements across the entire periodic table, while
NEXAFS provides chemical and molecular bonding infor-
mation for elements with absorption K or L edges between
200 – 1200 eV i.e. in the soft X-ray range. Both techniques
were found to be well suited for surface-sensitive investiga-
tions of the organic materials associated with artists’ acrylic
paints, including explorations into: (A) cleaning system res-
idues, (B) surfactant extraction from paint surfaces, (C) the
identification of migrated surfactant, and (D) monitoring
pigment changes at the paint/air interface of paint films. At
this early stage it is not possible to identify direct implica-
tions for applied conservation practice other than reiterat-
ing the need to keep solvent exposure to a minimum
during surface cleaning treatment. It has been shown that
these soft X-ray spectroscopic techniques can be used for
the analysis of almost purely organic materials, paints in
this case but also plastics and related materials, being inves-
tigated in the context of cultural heritage in a way that
complements mass spectroscopic techniques, FTIR and
XRF. This investigation forms part of broader, currently on-
going, multi-technique investigation into the properties of
artists’ acrylic paints and development of conservation
treatments for works-of-art made with these materials.
Experimental
The method of paint film preparation, application of artifi-
cial soiling, and wet cleaning treatments used to prepare
the samples as well as details of the experimental tech-
niques have previously been published [13] and are sum-
marised here.
Paint film preparation
Artists paints, Golden Heavy Body Acrylics Hansa Yellow
Light and Talens Rembrandt Azo Yellow Lemon, both
containing PY3 azo yellow organic synthetic pigment,
were applied to a triple primed canvas with a draw-down
technique on a Sheen Instruments film caster, to a wet
thickness of approximately 800 μm and dry thickness of
200 – 250 μm, as measured with a digital caliper. The
resin for the Golden paint was a pn(BA/MMA copolymer
while the resin for the Talens paint was a p(EA/MMA
copolymer with detectable amounts of a chalk (CaCO3)
extender.Samples discussed here underwent simulated cleaning
treatments with the following wet cleaning agents. The
water (W) was deionized (DI) (Purite, D700 deionizer).
A 100% aliphatic petroleum spirit (PS) (VWR International)
with a boiling point of 120 – 160°C was used as received.
The novel Dow microemulsion (ME) was a water-in-oil
microemulsion comprised of proportions of lauryl ammo-
nium sulphate (LAS), low molecular weight alcohol–based
cosolvents, a Shellsol D38 mineral spirits solvent continu-
ous phase and deionized water [4] To assess cleaning
efficacy, an artificial soiling mixture [15] approximating
typical indoor particulate soiling which might accumulate
passively over many years was brushed onto some samples
(referred to as ‘soiled’) and allowed to dry before cleaning
treatments.
Each cleaning agent was applied to an approximately
1 cm2 square area of the paint film by dipping a pre-
rolled cotton swab into the solution once, and then
rolling the swab back and forth (1 roll) across the paint
film 20 times without application of a subsequent clear-
ance step (which would be standard conservation prac-
tice) and dried in ambient conditions. Samples for
spectroscopic analysis were prepared using a single hole
punch, resulting in circular disks with a diameter of
6 mm.
To obtain reference spectra (labelled ‘surfactant’) of
the type of PEO surfactant often found in these types of
paints [7], films of dried surfactant on paint films were
prepared for the NEXAFS and XPS measurements by
brushing aqueous solutions (50% v/v) of Triton™ X-405
(70 wt% in water, Aldrich) onto an unsoiled Talens PY3
yellow paint film and the triple primed canvas respect-
ively. The films were allowed to dry under ambient
conditions.
X-ray Photoelectron Spectroscopy (XPS)
XP spectra were collected from samples mounted on
double sided adhesive tape with a Kratos Axis Ultra
spectrometer operating with a monochromatic Al Kα
X-ray anode (1486.69 eV) at 180 watts (15 kV, 12 mA),
a hemispherical analyser in electrostatic mode (p <10−7 mbar)
and charge neutralisation. Survey XP spectra were ac-
quired in a single sweep with a pass energy of 80 eV, in
steps of 0.35 eV and dwell time of 150 ms, giving collec-
tion times of approx. 9 min per spectrum. High resolution
XP spectra were acquired in a single sweep with a pass en-
ergy of 20 eV, in steps of 0.1 eV with a dwell time of
200 ms, giving a collection time of 1 min per spectrum.
Data analysis was carried out with CasaXPS. Binding ener-
gies were referenced to a primary hydrocarbon peak set to
285.0 eV, which required a correction of approximately
+3 – 3.5 eV to the experimental data. XP spectra acquired
of chlorine present at low concentration were noisy and
smoothed for better clarity.
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NEXAFS measurements were performed at the U7a beam-
line of the National Synchrotron Light Source (NSLS) at
Brookhaven National Laboratory, NY [24]. Spectra were
collected in partial electron yield (PEY) mode via a chan-
neltron electron multiplier. The entrance grid bias (EGB),
which permits tuning of the surface selectivity of the spec-
tra, was −50 V for all spectra except for several spectra in
Figure 7 acquired at −200 V (more surface selective). The
monochromator grating had 600 l/mm at the C and
1200 l/mm at the O K-edges respectively. The energy scale
was calibrated at the C K-edge by setting the first max-
imum in the spectrum of the amorphous carbon grid to
285.1 eV. At the N K-edge the first maximum of the TiN
reference spectrum was set to 400.6 eV while at the O
edge the I0 first minimum was aligned to 531.2 eV. Spectra
were normalised in intensity via the Autobk subroutine in
Athena [25].
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